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1 

nmm 13 > y => >jga****$tf#H«*ri» 
**«a»wc sis»©ig7K* f - :/isa**arr 4 x 

[SI— ^frTt«lltt--7A F^- F 10 

*-£j^*sixh£, 

-x^-c, memsmis y => 2ao«** f-^s 
a*©**!-?^©*-*--^ F^H*tt*ajrr£xii 

<t, 

aSMf y F^-aKi^L 
l^-v^ FT— ttll£££r3tt*S F-^ISil*©* 

J£7«Jg£;£;*4 F^-?£gi:t?jn:*l££WU 20 
tt F *-«Klfc«I@«: «fc 0 6ftfc7ksiSigJg£l*K 

Mir. wiitfafflfiar«»Haf©*3R»ii£j»T 

1/ < tt*JR#ffi©£j>£ < £ 1— 3Er36iSttS*fF-C«jSS 

n?ctB£(C7K5g?as*5s^ 4 2 ei_fc©tt*3R F-^isa 
£SgjfrT4Xfi£, 30 
'Xo-c. aacsfflv y.a ^j&a&cfis** f - ^sw** 

|3J— afefFTrflMaSb-C-* — 7;U F^-£#S££-t*4 F 
^-SfcfiRJIWeHXg^ 

fwj©**i**i©tt-*— F^-«a*afj3£r4xs 

£. 

UfclgTkJg F-5W»*aB&r4XS£**L. 

aco-c. ^snfcswc*F-^"«»©7K«att*«« 40 
aBseffli' y 3>ea*©**iii££*-*e £*#»£r 

-r4*3Sigi£c, fcWTSjfcSF-^s^&SBt-r-sx 

Hi. 

wm^vrmmmm t . airr, ©^sccto. 

#t£f»#yiXfl£. 50 
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2 

js^s-a* F^-afefiBiMaffiia£. 

*«,»-C, 3BS*IJ£ffli'y 3>*&a+©8Hf— F*— 
«ft. Sy-'lg7KS F - 7W4©affi2«{C*i * 

rsi©»-y--v^F^-iME»?s*iii3e-rsie£. 

f^&i'j/Effli' y 3>^*©-y--v;u f^-* 

LC^-- F^-aSS36saaiSnS. STkJg F 
- T'tm©*®** 6 ©SH 3 x 4 X*l £ , 

K»Mffiffls/y3>ts«*©*3Raiac*. a 

ST 0 CC*jj*SS/y3>iti©*3R©lt»tS«ED. RVm 

iiHSle r f c*fflt»fcSC. 

C = C S (l-erfc(x- (Dt)- l "/2) 

411 £ Sr^-T 4 C £ 'gtiftt £ T * ^ *J 3 >*S 

a*©**»isaroe#a;. 

r, 

®ai £tfTUJ 5 tt Suffice J: •) <ifc»«**Cr* 

/JMSfl^B©ttffi)&««EJ/ y 3 >fea*©*3RaBS©W!n 

£ £ fe{C^Ltt»i L*t>fflifiIS«T©*3Rifia*W 

* a ^ y 3 >*sar a * c £ £ s <s*xii& -> 

y 3 

[»J»I5 3 SBRgattSKcStri' y 3>ttft{c*jt> 
r. 

*JRJBmaflE# 3 x 1 0 ' cm - 3 «TC*S C £ £ 

T4<K*fRi«K~> y 3 

[»#JS6 3 tt«BJE*'4»K«4«i'y3>*« , v'53l^ 

fiSfi*a*jm>.fcffliJ#s4 xiai 3j?Ji 5 iBtg©{g7j<^iS 
atf y 3 >isa©«JS*tt«:4Bt>r. 

3 amttT©!' y 3 >^4Si«Iiii)3-C»{t L "C 

ms y 3 >t4©*ffi{c««^ufi4jBfi8-r sxs£ . 
#ct>T?. i^i/ y 3 2 0 •QWT©»«ajsci» 

^T4Xfi£. 

^ir»r. te».^bis*x y 5 : ->^fc«fco^*-r4x?i£ 

W1-5IIKJ: <3 «JSS lifcttfttts/ y 3 5 

c £ *«a £ -r *fi*3R«iSi' y 3 >ea©«»2rffi. 

[|%Ba©lfffl^|ft?g3 
[0 00 13 

y3>*ait>©5*c«iftsace&ffi, ««*«**oisa 
5«3WiJ>j6ci>fi*3R«flrs/ y ay&tt&tammjjm 

[00023 s/ys^isafKSfsniwRB. «i' 
xfi^^^&isawigi^fiKfc^TtfftfjL. isa 

^^^©(gT^tS^-r^. c©fca*. ¥^*«gtcffl 
li^RS*^ ute^z/ 'J 3 >$sa^M $ nr c > 4 . 

[0 00 3 3 *&WO^iZfrfrZm3£Z&&'J>i2l.>i/ 



3 

[0 0 0 4] C<Dtcib t ^U3>SScp6C$Stl4S»* 
[0 0 0 5 ] 10 

y ^ >l*a«:. ii^S3?;u^^^rffl^/c^3^7^x 
ottfistite^i;3>is» <«t rczt/y=i>isftj 

[0 00 6] fig*. fea*£>E^ilS#. C<D«fcM3R 

*«tfsa^o^fiEtcai<iiB^Lri^c<b3&iai6ti 20 

[0 00 7] ifiif , *#HH<D*MB**fc <fc 9 , Cz'VJ 

c ?»mxm&#fr h ft stt«5«©*SEK:H^T s 

C£#"SIJ63&>K:Sftfc. fiP%. Cz^ynVlSa*©* 
4. 

[0 00 8] S fcfc. **W©f6W*3»i. Czfja 

i 99 3¥i ^ftssaosisc, */c, s^y 

[0009] cn6o«^^n/c*ii«, mocz*> 
yn>ttacc*s^rfe. ^y=i>»a*«:itan4a« 

M**2?trfga$ae<DRH £ ft 4 c i 

[0010] l^l. cz'>y3>sa*©*3Ri*ffiw 
s»TWc**fctf>. se*ttjea«tt«!ce*r*ci 40 

***WK^i^x^*>Rm#Wffi <s ims> # 

c z s/y a>ea*o**«att*A:aiJS3nriift . 

[0011] COfc», *fTOW8[^l^Cz^'J 
=i>*Sacc-?<,»rw:. -tOlSa^PBoStJiEi^cSRiftKi 



«M¥7 -6 6 2 5 6 

4 

efl^B^j>tti^c z 3>isa*i!ffi"rs±nts 
^*k=s«hcc*sc z^ya>isa*«a-r suffice 
?is<dc zttatrfti^s^^jjR^rswfeftt*. 

[0 0 1 2 ] ±j&<D£*>tfL % Cz'>'j3>e B W©^ 

tt. c z y 3 >»a+©*«i«a[*»tJ8P orfg^B^ 

[0013] 

©s»sr«^ y n^sa^^sRiftffisieiBfitcsaa'j 

[0014] *»9JK:**sSaM£#ffitt. BBR*»«l«I 
tt^tr> y 3 >tta«: fc^ S -9" - F ^ - ©JfcJ5K# . 

*yy 3 >*sa*o**^R»«sta«:«tsccK»s hi <t 

<crc. F^-?fis^6'> y ^ >fea*<07K*a 

[0015] $/tfi£^. **^«i»!fttt*«l»oris^^ 
ffiiBa©c z^y =i>»a*Hjsr5ic^K^ttfts ' 

a*<D**«K*s. *4iBKKT"CISa^l6^a<*'' 
o|SaXIB*a[**7k*iftttCcfiSff U ft < ft £ L * I 

ofcfeor. c z v y 3 >»a*©*3RiSS* 
U*^«filT(c«ctr. ISaXB^fciMB*** 
s^y:3>*§a*»«Tsc4*BW4u sstc, c 

z y 3 >tea©JSt***r*43HLt»;'> y 

**«kc z i/ y 3 >isa<D««2ra*«flW-& c 4 * 

[0016] 

o«Bt». y a >«sa*7k**stff# 

natiiat, -x^t. tt»JEffls/y3>«aaaf» 
m&mis y ^ >ea«f ac^»7j<* k- ^tea*©**ve 
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«ff flB^iiKtOHftKStttaPJSffl^ y a >!&»*© 

f y n >m^<DfHV -«JS £ 5? LA >1f - v 

fMFt - iftKtb«HB i^WL, tt K i- -«IBt« 

XflftJ: 0 *'*6ftfc;^^£&&«l3tffli' 'J a >*£ 

jg-©tSJ3B, y a >tea****£tf #H»*r Jft 
«-r*7k*iiat*w-r s*« F-:*i&fl*«j6-rs** 

1/ < tt*JR#E©il>iCc < i fe— **W«c4*fl=-C«Jt3 
n/ctB5«:7K3Rjfta*iS& -2. 2 y_t©^7ksg F - 7'm§k 

K*5R F-7*KI4*|5l-^T-C^MSUrif- v;u F 
SflfJEfflf 'J a >eftf S^S** F -7E£W©-£*i 

■en©tsif--7;uF^-f«S«ri'J5£-rsxsi. 

•c. KtaflHjeffli'y a F^-ifta 20 

a >MS*©*^rSS itsci i o rfltiS u , 
&!>*. fgH©*8fi£B. i"J3>lga*. 7WR**t»»H 
M*-C?aMfflL-C, RMAi9aS-Ctt«Hjtl4>©*X<b 

«mrr4**«*c, *wr***F-^K*4*«js 

MSlKJrO. aTKSRF-^smc^MiafiS©*^^ 30 

sir s ■» -s *:fir*£iMaaiii <t . mawa fja 

RV«W*tflR«ffll3nfctt*« F-7Wf**IBJ-Sfefl= 
T-rSSyaSL.-Clf-vjUF^-^^iS-fi'S F^-£j& 
^SXfii. ^cc»-C. Bd*WJ£ffli' i ;3>*Sft1'©» 
•y-7.il, F^-i8S. SOtg^SSF-^s^O^SjfifiS 

aigi, yco-c, ig&«'j^;^>y 3>isji#©^--7 

^ F^-?jgg[^LC^--7JU F^--?Sfl[*5SIS'J3n 
4 . »** F - :/Ktt©»ffiJ&» 6 ©88 S x *3fc6 £Xg 

*. S^T„ {C*j^4i";3>4>©*JR©J£fiS!«»D. 

SC/ffl|SMKIgSte r f c£fflU/c5£. 

C = C S (1-erfc (x- (Dt>-"'/2) * 

C. = C e xp (- s/kT. 

r&-5„ cct, c° &j/e«, je&r-e-fi-etic 0 ^. 

gexio^cnf 1 , e= 1.86 ev, 1cS<>*Pt B, 
sJOl^^Z/jea. afJf*H»©±EEr*4. 
[002 1 ]itoT, affl^*JR#EEXtt^!£ttfft 

©ji»off .*©*jRi»a% s > y a £ so 



**tf«/NS*wB©«a*«2/ y a ^tsat 1 ©*** 

SCiffln i £ & CCiffln Lte&Z l> * OflMtffifeiT©** 

B. K^*jiiiafti(cstfi'ya>escc*ji,»r. *JRJM 

-f-flgg#3 x 1 O'cm - 3 tlTt?S>-5C<i:^1tai4-r-5ffi 
B. *SfiJ««4JfcffcK5'y 3>*»l»^Jl'S'«JfrtK:« 

fflc>/cit*54 x«»*a 5 ie*K©(&7K^a^ y a > 

^©Kig^ffifCtetif. &&3frTtdyT©->ya>&£ 

M*#H»4n?*«MfcL-cBEi' y 3>«t©afflccjiHWb 
•c«T©^4fiiiie-ci^^-r€>xfi<t. ao.»-c. ttflrttMb 

♦)lUtS*ifcBafcK^y3>*fflt>*Ci*««iL»r 

[0017] 

[flUI] «T. 4^S9!©#tt*. ( 1 ) ^-©1t^tc^ 

^ ^> y a >ife B i*©7K^i f gaa'j^s. < 2 > m_ ©* 
(S«:«4 y a ^isa^CTKSiMCacefrft. ( 3 ) m 
=<offif$,it.{&z> -> y a >iifttti©**affia!3e»tt. 

( 4 ) ^E3Rf>'^E©1S'?£Cc^Sig7k^gS-> 'J a >fS 
RO' ( 5 ) ^©^{t^ffiTfcfgiHSv' 'J a>M 

( 1 ) m-om&K.&zi' y a ^fsa^c^sRaaws 

[0 0 18] HiSO/cfc^CCCz^y a>$£ B l c P©*^ 

80Eo©*3RaK*wr 4 ~> y a >isa*«ja-3-s c <t b 

[0019] BP£. »— ©flteSCCffS^IBOfll'iSr 

b, figat>«:. uv^>m£k&jfittMfw^7i<aiimm 
*^©-> y a >^r©ffitfcieBiit,>;fc#>, 
y 3 >$S^*©7KS!47S , J[BI^^StticcgaK#fflM« 

x4*w*cca»-4. c©i*«mBr***«i , sc. 

B. S<*06txrt,i-5J:'5CC#H^©7K*^EEP. Si^ 
[0020] 

[»n 

) x (p. yp T ) 1 " 

[0 02 2] *«teSTB. 5fe-TWJS!)K:. ±IB©«fc 5fc7k 
J **£fW»ftiS©ia , aR , J t /Xtt*3R»BE*aA-C. 
*3^oSE3ffl©*JRi*a*Wr4«0S©*3R F-^S04* 

[0023] *fltes©yc©ia-cB. aawjefflj/ y a > 
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*M£±KISr«SLfc^ F-:/i#4*l51-&fl=T 
tf-v;l/F^-©«K#, ^';n>tta*CC***iS* 

«attcc»< flsur 4 c 4 *«T©*il«c«fc "3 IB 

[0024] **w©«w#tt. ±SE©**ffl»Bwaa 
£ffit>r. isi— z ^> y 3>M B w^o ffl^n/cv 

(D*^ F - yMn£ 4 2 5 "Cr 3 0 #H©i»#Hffi* 0 T 
[0 02 5] *e<9*§JH£, 0 1 JCtST. 0 1 «. tf-'r 

^ K^-aso^cjR^ttffttsa-rH-c* o . c z >- 

9§e>#>{c0ltt, tf-^F^-a 

a»*c z ^ y 3>isa*07WRaaK:*< tssrsc t 

[0026] T&m-ctt. mummf y =» >*sa<!:** 20 
F-^»ioF^-^«»»a*ra^fefl:rfT5. *> 

F^-^fiEtcBHOrrafffl0'>y n>ISaa>61!i£Lfct§ 
1f-v;UF^-<0*J5SecHUr t TWRF-^SWi 

r , *« f - ^B5» <b mmm ^ y ^ >*§a<o**«ffi 

M*§a<D1f— *^F:r-«ff«*|L<J& 
I|J%, Hl©**F-^BE««:oc*rf1FJ3cStifcy 

[0 0 2 7] ^Wtt^S^H^jpJfflU/cfeCDr. 
»0«ttO*3R*ftWr**3RF-P r K|s|.fCOt»r. 
— ^^F^-«ff<fc*««ff(OBBfft i WttfHKDJ:- 

Shfc*-7;i. F^-«KSrt»X»iWPr*c:4'C. 
*©tf-vjUF^-«ffi*^-ttL»4*3R«K*»ffl 

5©b^ y 3 visa* <D****K<b orsca&s &<d-c& 

[0 0 2 8 ] H 1 ^CD^EIK*. Tkft&tURSa 

#SftTl>tcl»t*h»>£as growrilSa* F^-^JSHftffi 40 
SLfci*Otf--7;l/F^-«ft*^l,ro»S. CCDas 

— F^-afttctB^-r-S/k* F-^K*4©*JR?fiS 
«. B1^6, -2 x l 0 w cm- 3 <b3}c^6n4o C<£><£ 

^cc, as QnDwi*s(cocirfe*fRiSfi©sa»j^*r 

[0 0 2 9 ]^CCC, If— 7;l/Kt-(DM^tCOCir 

KiB-f*. *«^a3Rr*4if-vji/F^-*^j!!cr so 
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[0 03 0 ] ^S^fMi. #»SB©#W##Lfc«T 

)s< , 1 BsrawTi u j z<Di&Mmu&Dm< , 

[0 0 3 1 ] *«9J©*9I#tt. If — 7;U F:J--©£lS5 
iftK*. **F-^ttS4. as grown$§a£7 5 0 "CO 

[0 0 3 2 ] *©te«S:H2a^ia3CC7Sr. H2W. 

yr»s<o«!Wiffl«fflts#tt*«'riar i if— 

[00331 4*$, i2tfi, -f. d«1f-V;l/F^-** 
*^E*r4/ca&<0«yBSaa[44 2 2'CiLfci*. ^. 
^•tt5 0 7*C£ Ufc<t££Srr o -f . ^ttTkjRtt 

fiilSftffll^L/^SRF-^fiSCCoiir. Ptt** 

iasi 2 o o'crttstt/c. 

[0 0 3 4] ^2*. -f, afctteur. lf-v;UF:f 
j$<D7j<^ F - 7*ig||<E>* + y T^£iiK&, IBtokSRffiffl 

w. ^F-^«ati^3R«fflisa4©*i'i;T«s 

com. in^if— F^-afK©a3&s^#c>. 
[oo35]^/c, Rft«yi^n^ 1 ^iB«±-ctt, Km 
f - ^sa iitt7k*tea» H ^4 + y r «fl[9ii«/h 

ftraaSfHia* 2 0 5>«F^r «£t«fl«j^* «c*» f - ^«a 

[0036] ±iea 2 Tks f- ^isa tw* 

*Aaansa4oif-v;i/F^-fBfl[<DStt. syaaB#p H i 
*^i»s** < . $fc F^-j»«ifflias*«fiiiS^#Ci 

«JS!BK£ioiJb-r*c 4^-e^4„ 

[ 0 0 3 7 ] 19 3 tt, If- v;U F ^-SathOISftftiffifi 
Sfi!(??l44^1-ir. 3 0»ffl©1f— 7;UF^-5fejfficD 
/c^co^MJi^ Ufc i ft. *^ F - ^tta <bK*3Rftia 

ea*tcsfejsEL/fcif—r;i/ vi-~m&ott&ffmmu& 

(<C{£&?ZW&$:mLtci><DV$>Z> 0 4*5. tf r ^l/ F 

^-iteJtiiK^«^acc»^*** F-^tta© 
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[ 0 0 3 8 ] m 3 B. F* -PM&SM&tf 4 3 0 'CtiT * 
© t « , ** F - ?fSB i KtK^MSISJI £ te£jjET S 
■y--v;l/ F^--*K©Jt#^*< tt-BC4*jnU"Cl> 
■5. S£oT. M2, H 3 ©*&**> 6. *»W«:flii»Jffi 
^ffiK-r-Sfci&tCtt. If-— F^-£. 4 3 0"CJW 

t. 3 o a-ratrFoa&aiai-csjs-r s c l 
[0039] *«wtcff «a»e*fe*jiffl-f4«: 

#3.5 (aft*. 

[0040] u#>u i«oiflB^»*jR©a:«asfl[ 
<citLrtt*>-c».»fc«>. *jRttf»iut&a. x«7oo 
•c#2©i&&TJSB$iffl cctT^iito^-SF^--*^ —f&M 
lK<t D ^r* 5x U 3 >*SJW©MSR«l£©atf fctttofc 
■C$><3 . F^-&Cf-€-©f6©K3R*^tf*feiiK 
H©£J*{c0W-*IR9fci8l**4. 

[0 04 1 ] se-o-r. if- F^--*fiSE®r©**ffi;« 20 

JjMMIKtf F^--*5-^!iS©W^*5*:^Hj©iijg© 
fc. iU#Sitt, •f---7;UF^--igSB7kS?SS© 
»fc*SRifiatt. — o©U---7;UF^-iSSK*tL-C— 

[0042] $ etc, 12 1 *Mi/t, *5^jgs«:>pt-r . 

an- J fcTF©t§£-K:;*;#l>. C©fc«>. ^^©ffl'JSfrffi 
B. i<(c{g*^iSatc*i(,irl«St-C*5„ 30 
( 2 ) *-©KlfiR{c«SJ/ y 3>|gftt>©*3l8Mt«S 

[0043] *^©Sf-©»fiS«. ^— ©tSJj£K:*Jl,> 
■C«ftfiR3ti*-9--v^ F^--«JS4*SR««©H«* 

fti.tsswefflf y 3>«sfti©*- F*--*a*ia* 

C (x) =C 5 (l-erfc(x- 

ccr, t «^^ffitsjjaa«f^. D»^sttSf*as©a 

gT„ {c4BW*'>y3>tt>©7k3R©t£tif^Kt?*»). 

[0 05 0] 40 

[i&3] D = D 0 exp (-£„ /kL ) . 
"C4^.?>lT.5C i^, rHydrogen in senicomductors:S 
nri conductors and Semimetals Vol .34 (Academic Pres 

s)j" Ki2*ssnt:t»2>. cct?, d„ = 9.67x10-' cm* 

£ 0 =0.48e\rC*^>. 
[005 1 ] F-^SO^IOIOTKjRiSfiC, «* 

3ia£iWiM!ia©**»EERiyjB«*fflt»-c« i *»e*os 
c£#r**. «er>-c. > r *!fi:«Afflia©**F-7'4S 
*©*3R«lS»*tt*2 39»6tt»r*»*C 

•5. .50 
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jilR^nfcTkiR F-^tta©*«iftStt. *»J^ffl^ y 

3><Sa4»©*3RaKtcfe-9ifeiac»fe©-C. tHiSrte 

a'j^ffl^ y n >*sa*©*^ssija<K-r & c t&-c& 
[0 044] #tgj£«:J:ftB\ &$'JSffl-> y 3>*§ji© 

( 3 ) JH=©«fiSK«4S/ 'J 3 >tiA4)©*£ttU£m£ 

[0 045] ±2S©W— aWB— ©«JSBC«S*l8tt. 
*3liga©tlfr •5»«gfc©*f£ F - fctt9B£»K 
©WH^&Efirr&i&Sfts&S. **>4tOTtt*flE£ 
*3R»£E*«««:«apiyA;*«aiMHUc «fc 0 »J»r» 
jsnte-c*»3. K»©*HI©*IHl3ai*^rC*0. SfcSf 
SiMC©»|sf©Wfi»«sa-cttt» 4 t> 5 x^w* -s. 

[0046] *ffl$(CflkS9HllM:. SC«R— 
©*fi£{c^4^W©X*.4lsIjB-r5t©-C. Pi — 5©7K 
F-^itSJIrSrJBOT. F^-iftSi*3RsS^ 
i©BBff*»S*ffi{CR|-i-S. 

[0047] *«WSt?B. ^ffitSGt&MaCCJ: 0 ffcfcl, 
te"Jc*F-^ISa*. ***£*fcl.»#H». 

a WTJjtiw&a) Jet*). **F-^*flaafifi«© 
**»#«Kcttt*u «ffiia< KiB3*fii©*sRaa[«- 

[0048] iPfrZHJj&fflt!mK.J: O05£3n-S>7k^ 
F - 71^(011* 6©&I 2 x JCjFfT S*3RifiK^- : ffiC 
( x ) it, ^M-C©7k*igK*s^. 

©**«K**ii-*»ftA!ai«r©*3isaiac s i iai o t l- 

[0 04 9] 
[«2] 

(D t) - 1/I /'2) . 

[0052] *fltes-r«. ^m<om— ©fitfisccfcws 

*3RiMEi-y--^UF^-i©HflMc«jfC. ^^ffitJt 
«Hia©*JR F-^ B a H ©«ffi^6©ai3 xit-vA 
F^— 4©DB«*jWS-i-*. *L-C. ttBWSffl^ya^ 
*£H,©f---7.>U F^--ifia{C3iEOt>jgS%^S8E5 x 

[0 05 3] C©at$x.,,«:*sW4*5SiftS 
B, ^2^6x=.x„,4*J^Tft»3n5. Cti{C«fc 

o . w.mmm^ y 3 >iia©*3Rjift«%sn(c9j£ 3 

ft*. *»fiS©58R"C*4*3Ra«l»«Hltt. TkJR^BE 
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[ 0 0 5 4 ] H4tt, ttmmi&mi&<D7km&&ft15$: 

F-7'MB 9 B iltas grownOCzi/'j3>3B H KffiC» 
fc. CCD as qrownfea©^tn©7k3R**a[C s «. #£69i 

Xio 10 cm- 3 <!:^6nr^^ e j^ffi 

[0 05 5] 034tt, affii5< "Cfctas growriBa© 1 / 

©fl^ttRC«BR©*t»ffi«iCC cfc o mr s ft S . 

[0 05 6 ] CODJ^CC, ^HtSEfc^nK. s&rsss 

a. 

[0 0 5 7 ] #fHB<DfHJ»«:. <fc 9, Czi/»J 20 

[0 05 8] *%m<DmRm\Z. l.S xio^orf 5 ©*^ 
?&g£WT£as grownJSa*. BBR#H«*riSfi750 

■c, s^iHflE^Htifcafflisutea. 4 2 5 *cr2 01510 
(DmMmom. ^^700*^48^02 sms&m 

©am*. 04coit@ccffl^6n/c^<h|5ii;r^o, 30 
19 4 <dm^{ © * * #nftfc»;sr * a . 
[ 0 0 5 9 ] H5tt. «/J\^iB*«»flEr*«rHr* 

0, ±ia2^^a^J:^^b/ca/h^Kg<D^5^ 

[0 06 0]@5 ^#11, »/h£«ttl£tt*ffi*6 

0. 5mmtiP f g'C«B§3 x 1 0 1 cm ~ 2 r— Sr&£ 0 Cft 

a»/j^B*tttt»fti-<-*. 40 

[0 0 6 1 ] CCD*ffi*6 0. 5nm(DaSr©7k3Rf*K 
«. H4<DtS**6'. H§3 x 1 O'cm - J i*«)6n5. 
fit-^-C. BSi*. B§3 x 1 0 9 cm ~ 3 Z ^BiMmt Is 

[0 0 6 2 ] *«teE©!69Htt. 
S. Wi«3x 1 0 9 cm - J £lT©*3R«a[*Wr4Cz 50 
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^«;3>iBar*-5. te^r. **cc«fcD8M\tsaxiB 
»/j\Ba^wo»**5i>a < . ¥^*Bo*f«£&tf « 

( 5 ) ^<D«jER«c«4fi^dRiftK5/ y n >ea(0»JB 
[0 0 6 3 ] 5 L a^7;^*-*CCffiffl3nS5Hil'*> 

[0 0 6 4 ] $S!^(D^OMt1i, ai»53l^^jK 

* 6 ft a . m^^y #* 6 5 i±tf fee zv«j3 >*s 
at*. —«K:MjR«tt3&J/h3c^ci*»i6ftri»s. c 
ftttao>^*>#»y ;u F iflOSttffia^Sirifc*. 5 

<D»JW#^ttt>*6. OHK©*JS*>4>tt<, TfdRififi 

o/h s a c z 2^ y n >tta*HjB"T4 c £ 
[0 0 6 5 ] £6cc, iSi^u!y#*fleffiurfi*atea 
ifltfira^fefc. ««*+-^^WH^6ft£. * 

a ^^x + HSaJSfiffitefc^r. y/i/ F 
iBA-rSffi<D^*&BH«. JHt*f4©#y^>y3>cc7K 
3R*S*ft"CC*SC <fc(C*S. 

[0 066 ]*»[J, JR*f»£tt*#y^yn>ia 

or, #yt/ya>e*o^«?waR-rs^«). ffi* 
sR7*ffi©tttt*y'>y3>£5fta. se^r, y;uhco7k 
jRMKs/hs < -c*. is**aK*sa*j«ft-rsc t* 

[0 06 7 ] ceo^ffitfc^^ttfccDCc-ra/ca&K:, 
ySxy3>fi(OteSttilS3ninWT*Jff*Ll*. Cft^r 

r4**ft36«w<a4. ^aJiia^2o°c/^« 
Tit^ci r <s^r ^+^-fi;tS(T &mwum& s ft 
a 0 cotcft, t/y=i>ittttJ(07kaaifl[«. ffiarcoj». 

^ > y {c j: 0 Bft*-r ^ci -c »«ra*©^a^M®jo 

[0 0 6 8 ] 

£o HS60(«. as qrowriBa*©*JRfflfi©aflS{C 

[0 06 9] 5tr, as qrwnCDC z->y ri>|ga*67K 
3R?«a»JSfflK»£UT. /*S 1 Orrm, isl2(nm, S$ 
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-C z ->'J 3 >£a*> <E> . ffl-BVXDm&O Is 3 >« 

gCC9J3e-C#.5«fc^{C-rSfc», itffisji#3 6 0 QcmW 
±©as qrownC z ~> 1/ rO&gfcfflt^fc:. 
[0 07 0] ^Cti-C. fffl£i->U3>fe B a %, fS*lb 
fcgj^ffimcf "C 7 5 0 "C , 5 #H© F - * 7 -m& 
m&Ltc. F^-*7-£i£g<!:T£©«:, as qrowrig 

n© Yi'-WtfS.om&cow^tni^tp' 10 

[0071] &t,»-c. «aH3emi";3>isft* F^-st 

£j?£&Mffi«, ia»ufcM«#a^*f 4 2 5-C. 3 0 
^©aS&ffi^fr-^fc. e>. 2X10' 

[0 07 2] *Me*B -> y 3 >*SH££4&PEi 

U. flFgM©J£#9ffiSv&I<J , £LA:., ^©*£HI£06i*« 

© (a) icTjk?. me it. *mw<Dm—$mmmwm~c 
$><o, ->•; ^>&ik<Dmw&@<Dfe&K)i&tK<Dmzj3fa 20 
©^• ; m ; &«L.-ct,^„ 

[007 31 ^6*. (a) im&mmzs y =1 ^isar: 
ot,>r©a'i^ssf*-5.. &*>-. officio:. 

[0 074] — Sffi*>«=> 1 irmJ:0aiC»{4a©)A;A50 

ffifawssssrcfisfc-r— je.-c$>*>. ctiumm^<Dym<D 30 

^ffe©$Jfl#:teJ:W:ScC>&3^&-5 C t^OTli 
•So H"3. *®^^> litrnJ:0gl^{4g-C«, ^fi]*^^ 

si^ffli^ y => >^ H a a {c^s nr ^iMcSRaaai*©* * 
fiBKo-y - f y- - mmm > y a > jga© 

[0 07 5]^t, TK^F-^fflW^fiUrWOai 
OteJ/ya>lift*. *SSS£KJIMHlbfc. C©*igffi 
U^«M«. #Hm©7k^E=&2 2toor— SiL/. 65 

o •c~iooo°c©®Hrt©s^c€>aa-ci^j&a ; &bfc 0 c 40 

©Tfc^ttfttteatcJ: DM^t-S^^iga©*^ F-^Kg 
[0 07 6] iXO-C, F-:7tt#&* F^-^^Al 

ar*. c© K^-4fijaws®i^H«fiBSffl^ y a > 
i'j^ffl-> y a >&a i iu««c$4a?)¥f^ffi©i2:*5 <o ma* 

aCELfc. *©tt**B6 *© ( b ) , ( c ) SO' 

( d ) -Cns-T. 

[0 077 1 06*. (b), (c)M (d) tt, 

C (x) = 2 x 1 0 ,4 on- J x 
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"C.40 #fn1 ,800"C,40 , R<>'1000*C,30 ^ali Ltc 

[0 07 8] &B©ffitt&ffi©t9ftIM:. **(0^Sfc»K: 

tiHTSfe©-C*S„ X. E#>3ffiCi#— SCC&SSlE 

OS. 

[0079] se-^r. ttwj&Bs/ y f- 

tmttZCfV. it-v^F^-Tfie^^SCi^-S 

[0080] #sste0i-ett. mw&mmbmmm 

">y n^StcjfiC^OB. 06* (b) ©*3RF-:?"*S 
fir* 4. C©**F-:f«a©**ttlStt. 

-'ifWSftfc. SfoT, as qrown*§ 

S©7k^iftKW2 x 1 o lo ati- J iiifJSSft-S. 
[0 08 1 ] *%91©£-'4afe0if». — 3©#* f'-"7 
ISfi*flIl>Tas grw»«fl©*3RlilS*»Cer-5*ffi«: 

H-rs. 5t-r. ^— mmmtmmicas q rown©c z ->y 
3>*sa*6*«aiaHH5effl«i4ii/r. 1 0™. 

ipil2mm, S3 2 0mm©atIiJSffl~>y =J>^Si|5)G^: 

[0 08 2] ^tO-C, 7jc5RK-^ffl->y3>#*S*. tJc 
*»E2 2toor©^tr, 1 1 5 0°C. 12 O^fal©* 
aatlB8IM!ia*Or*3RF-^ , ISJiil/fc. *©«. fil. 
IS#H^,cf T 8 0 0 -C. 1 0»BI©Sft«i3S-C*4^ffi: 

[0 08 3] ^U-C. F-^«Si-pft F±-*-7 
3 tlfctftaJJEfla ^^>fi B B B i4, 4 2 5 "C , 

*©«»*. S7{c^-r. 

[ 0 0 8 4 ] m 7 «*»?8©»-»Sfi«»ISi^0-C* 0 , 

mmm~> y a >*flacw*a:»«yi3 n/c*s f - 
5iift©«ffiis«S©c:3W0fi6i^**ori»4. 07 

*, ( a ) KCf ( b ) «. *n*ti««5Effii' y a >*S 
SSyf** F - 7"SS©J2:*s "5 &Cv£*rf . 
[0 08 5] 07. (b) ©E#s»)ffiCiW:gl!3 1 . 5™ 
tLh-C— SffitcSifct-f C©ffl«7K*F-7'fe^c$ 
*tiri»fc*«affi. ap**«a:li8IMHir©¥flBia 

©fc iTMSnit- F^— igSCC*fj£Lr(,» 

[0 08 6] ifc, C ©*^ F - 7't£gk<DmU~C ©*S 
S»l*»e>.. 2x l 0 ,4 cm" 3 iti-SC3n-5. fi£o 
T. 8 0 0X, 1 0 »IB©^*l£IWOT»©*3RtaBEfl- 

[0 08 7] 
[844] 

( 1 - e r f Cx/3.6 ) ) . 
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[0088] itx, m-mmmtm^. ttmsm^ y 

fcrniMBLlcttm Ltc—Mm&^-il S. f - ^escc 

07#>6. 0. lmmC^S. 

[0 0 8 9 ] S£->T. &4fCx = 0. 14«Al/t, C 
<DM S ©*5R F - ^iSS©*3RifiSK 6 X 1 0 1 1 cnf J i 

3jc*e>*i/c„ sn^, c©«a#, aa"J3effli"j3>»a© io 

*-^«MHffiett. «£««©« 
S. DLTS (Deep Level Transient Spectroscopy), 
f£F-*fc*>ftiS& 3£.M/ 3 PTIS (Ph 

oto Termal Ionization Spectroscopy) .O DMR (Opit 
icanyDetected Magnetic Resonance) ^ffiC^Cii 5 

[0 090] *^tt^lMS3©#H»#* 

(i. *«»aE©®.»3!/^. muss*, ^stt^ii 20 

■CJ:«,». *ft9J©&HXtfcflfK. <B***fc©C z $/ y 

>3*sgj5Sfi«cisirrs. 

[0 09 1] Mtt<!: y > 'J a >©«j»c-3 

1 2 0 o-cicimML. mmicmmitm^mjs.Ltc ya> 

[0 092] ^*^«{C«iSL. mbM«i» 

[ 0 0 9 3 ] h 8 b, *&w<DmmmmmitfiffiM-c$> 30 

S35jU->!i<7«ii:Sl 2-f>f, ^vQmcTv&DjtfrV 

, Jfrh 8 tS^JU'^ 
#7 i©SMffiSI«ii«©BSl/1.5 "C*S. 

[0094] tattv y n> 1 0 k, jp#*aua-r&* + 

1 £Bfci»T. — etiS s^'J 3^51 40 

m 1 2«:j: o»Da»fflo«:ia(gstis«3R«-9--fey*i*j 

S. f y=i>ISft4tt. ±^rKKB3tifc3l±t/«fl|2 

KJB3WS , 7-M»&K<fc9@te0oo3l±W , e>*l. JjSfcgT 

s. 

[0 09 5] j^m*. fc + 

■v>^'43g|59 b*itSg$nS^-c -s>J*T$l9 c. 
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hift v>M-±giJg a*>6«fiS3nS. 
[0 09 6] *mfcm-CiZ. >'i<D8ffi2fift<09\- 
0PJ*8rffi#¥n©SttK©27A- 1 rffll>. 1 rttc 

m«Ar*"X4ifit. C©#i£ 
tCfcO, &^#*>6©y-^Cj;9^ + >^WcjlA 
■TS*^€rjlgy>TSCi*5r#S. C©ffffl£&T#^ 

-1*. y-f ©**<*»#. Wit«?i±if»Hi2. a- 
?#ia««*i 2 cir«to«n warn 

[0 09 7] #f©6WcJ: OtfcfiUfclSa*. **)PIK: 

lO'on-'aTri-^fc. 4 2 5'C, 2 0 USSR 

O'7 0 0"C, 4 8^fPfl©C^KtS2SK©^MS{C<fc i 3 

Bi$.2tiz>mm*:*gis&ikX!miz. «£*©#&«:«>©© 

[0 098] 

[»»©»*] ±iEOfcJ:'9CC. *»9HC«fcti«. -y- 
F*-H*K*»65' 'J a >t&A4i©**iftg«3jtst>£ 
C i *t"C * S*> 6 . iffi8l$a>o5tftfl«jCC«43er I? 

s^ y a >iiffl*©*jRiijsaH3e»ffi*a«rs ci* 

r#s. 

[0 09 9] *ISSK:«5>>'j3>eSTB, > 

So 

[0 10 0] 3 49S^(Cffi&^ya>ISA©St3fi 

iftfltc z ^ y a >«*®«JS*tt*«flWS c * 
s„ se-^r, 4:»9itt. *aH*saK>flttfii^±K»^-r 

[an »-vaf * - ««©**ays0s?tt**j- 

[02] * -r y T «a© JKUGffiB*mtf3?tt*3* TH 

[0 3] -y-— f ^--ffiffitbwjft^aaaflcSft* 
aria 

[04] ^tttut&iiift ©*3Raa»«%a-r h 

[0 5] tK/Nis^R«{efl^««-ri9 

[06] 49fiiH© j0-9StfeMtt9iia 

[07] ^^©ffr3RftMttma 

[08]- 4E»qs©Xtt0tSaKrfflB 

[^©ISiBJ] 
1 

2 ?|±lf«W» 

3 >7-f+- 

4 !/'Ja >MS 

5 t-3r 

6 -y-fe:/* 

7 S3t»U'^sK 
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»7 3H3IIZB» 
[ISfTB] 3*P4/§6B (2 0 0 1. 4. 6) 



[£gfl#-5f] 1^53^7-6 62 5 6 

[&WB3 ¥l*7*P3£l OB ( 1 9fl5. 3. 10) 

SPH^t^m - 6 6 3 
CtB®#-^] *#ISI¥5 - 2 0 9 7 8 5 

HOIL 21/66 
C30B 15/02 
29/06 

502 

COIN 27/00 
[F I ] 

HOIL 21/66 L 
C30B 15/02 

29/06 A 
502 A 

COIN 27/00 Z 



CffititB] *mi 1 2B ( 1 9 9 9. 5. 1 

2) 

[#*JttBiE 1 ] 
[HIBttJfcWJlS] HtU* 

[*JI*fit3£©ISB] 

c tunas i ] ( r ) utratcatwnoMaRfc^to^ y 

§a-> y a >$s.fi£figff iigireaxg^ u a >i§ 
[■n^oaf 2 ] mfiB (t) xgrofraRaBaHroetcte 

■c-r^g^t. 1st, g>^jag{cj:o. bstksrk 
mxmt . mmmiy y a ^teaRcrafofraiictegs 

•c. Btaasffls^ 'j a >«iflif <pk»— ^ f^-mme 



Olf-v;!, F «g3W«3BSnS. tt*3B F-^WB 
<Pgtg»6QjaBSx^^W>-SXgj:. fe»J^ 

ya>ft<P;»&cpffi1ftffi%D. a^iBa^e rfc 

C = C S ( 1 - e r f c (x • (D t ) - X/I /2) 

[WW0B3 3 Mia <-Q ig-c. Bgjg£#rfflg-t±5& 
jj&gtcj: 0 tifcB«^tf»/j^iSft^igg>gfl^ 

jgfflj^- c t & w& t t & moxi 2 1 mo > y 3 
[awsg4 ] urea u) xg-c, 

3X10' cm - 3 fetTO^catM^ailS^Wr-S^'JJ 
>iSa€:3§g'J-r -5 C <b £=%ffc<b r SUBCT 1 7!)S 2 E« 

o-> y 3 >aa<P«iS3fra. 
[88^85 ] -> y 3 >ea**jR**tf#H*«tn:*i 

tri-i*jRiME**rr *** f- vastus* *** 

g±. :>ci»-c. aawjeffls/ya^aRufR^F-^ 
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•>y 3>^*©s-^-v;u K^-f«a<tSi^Pffi7k3g 
F^-as*rt#xttii«L'r. sataceffli"; =»>» 

0E*^4»**F-^IS«*O*3RaK**«E)* F*- 
-»B3t«lBi*tfU £ F * -ift£l:b®X?IK:«fc <o 

tthtiicxmt&ttiitiMtismi' y =»>*sa*©** 

jrait, HRgmaisr ife*Haw> ©*sg#ji i aw 
ars- a** F-?*iA*«arj-s*jR 
*a»iiwffli*ffiHr»r. i x»tt*^tuNte8E©&ie& 

b< tt**#EE©il>&< it— *3W»ac4*fl=-C«JfiS 
*lfcfflSK*3R«tt*tRtt £ 2 £l±©BWe* F - ^ A 

ifc-ksg F-^f^lgJ-^Tr^ttSLrif- vji/ f 

tjBTOERii' V 3 R&tt*S F -^K»<*»©*n 

«i©R*-^UF^HftS*iflje*-4I«i. 

■c. Ruan&iis' y 3 >ttw®8w-vA f*-h»* 

4^ 0 C »XB* fit »SE-9- - F ^ - jg£ U fc 

ftfcgETksg f - ^umfo^mm&^mmmMm^ y 

3 >l&A4>©*£«l£ iTSCi Mi T5->';3> 

&msl-c. Ks^s^rig#B^*©*5&i^¥® 

Si. ^^f. "tt*3RK-'?W«**iatt(C»**3R** 
*4t>Sffl»*-C-r-5«ffil^flfflt , U&T 0 (D&MM.t.c 
<fc 0 . mm, F - :nm©affiia^*JR s 

ttsttffffitMaffliBi . $i']5e/B~> y n >«ARCJfR 

*fflOr-y— ?;bF:f-*»£31*<5 F^-5EJ«JIM5a 

^ f*— «a. sc^ig*^ F-^KW©affijfi»{c*j^ 
s*3#rsi©sw--v;u F*--«i»w&*a«£Tsie 

i. :>ct»t?. S«S'JSffl>";3>M H %*©1>--v;UF^ 
~iME{c«L/«r»-tf— 7* F^-«flDW««S*i*; IS* 
^F-:/im©3lffia>6©S£3x£3fc#£X*I4. 

B8»e r f c*fflC»teiC. 

0 = 0, (l-erfc(x-(Dt) " ,/J /2) 

#>e> *«> *x*i i * =rr a c i £1$®. i -r £ s/ y = >m 

-ffi i- 



tfSft/htSS^PBCDffia*^^ y a >*£A<*»©*3ftigg© 
iftti i fecc* JpLtta&S L*c»«jftS«T©*3R«tt 
£ 5 •> 3 >fgAr* ^ c i i r Sig/kSljg 

r. *3RHffi*&#3x 10' cm «Tr*-5Ci 

*w«fr 4ffi*jR«iSi' y 3 

CWMSBl 0] «AfifiS4>(ct&«^ y 3 

aj£££k*ai i>»fc w»3B 8 9 mmom^m 
mg.f ■; 3 >jfiAowe*a{c*jt>-c. ii3m m «T 
©vy 3>t4*WR»H«*r«fflWbLr»i'y 

2 0 TaaT©»iP»Kri*i&-r SIS i . * 
^-C. Ktt!i»fba*x»^>^KJ:0Bft*-r4xei* 
*T 4XS«C«t 0 Kit 3 ftfclttfcRf y a > I » 4 C 

i *#®i4 -rsfi**iiflc^ y 3 >fSA©«a#8;. 

mimmm^ 0 0 1 6 

[0016] 

i ^.¥S5T S*m^S*W-r StKjR f - ^t$a«« 
aws^jasjiwiaifflisr. fe*^t£tfei»jaa©ja 
£ex»aaic3R»EE©4>a:< i fc-^r3W»«c**fFr«j6s 

iSjft-rsxgi. ^cc»t?. aaM3efflj"y3>iSAsaftt 

*S F-^"|gA*IBI— SfeffTTJIWffllLr-y— v;U F^* 

a'j^ffl^ y 3>^cfRc>'ig** F-7 - ^g*©-eti-e 

n©»-!»--^l/F^— «BE*WS-riXgi. ^0»"C. 

tttaaBEffli'y 3>»A*©»-y-^u Kt-«Bi« 
icrtflwcKaaRCEffli/ y 3 >js§ B ^*© 
F^— as*i«j#XttJWPLr. ^MS'J^ffl 
y 3 >*ss«ti©&-y- vju f ^ -rggi^ Lt >-y-- v 

;u f ^-«i«**-r f -r :?*»*©**»!«* 

*a& * F ^ -SSJt^Xg 4 « W U . «e F -i^Stb© - 
IIK J: K> «ft6iifc*3RiM[*WJ£ffii' y 3 >*S 
A«t»©**iftKiT5Ci*««it,rflWSU SO-'. 
^~©fiJfiX«, -> y 3 >ISA*****tf#H»«»it?«l 
Mffib-C, «a»«Hliajrctt»H«tt>©*3R»Ei«l¥ 
®T-5*SrSS5:Wi-S*^ F-^ISA*«ar***. 
4MM!M!Hi*fflC»r.. 1 X«^*«ffi«^^a©SS^ 

o < {J7k*»ffi©d>a < i t-^attssftfr-cwas 

ftfcfflS(C*JR«fi#Stt* 2 «Ji©^7K3g F- ^ISA 



- 6 6 2 5 6 



m^m y -vm^m-^-r-cmim^xv—?^ f 
+-*&£2vzY+~£fmMmi.mt, x^-c, m 
mummis y => y&¥B<pRvm*m Y-vm^o^n 
etKom-y-—?* Y-r-^^mt^iMt. x^ 
•c. m&mmm^ y a >*sh,*©se?-— ^ K^--iga 

Ms n-ftm^m f - 7tm<D*mmg.zmm<mmi' y 
a >*§n *©*fRiss ttzzt mi l xmfc u , 
ao*. m=<Dmmx. ^ya^n^, fcmzsttwm 

•t&jMt, x^-c. m.AmY-y'Wr^M.mmi'C^k 

ffiti$-t*-5^ffiK^axfii . &s'jsra~> y a 
at>*i£fl-;fri£ifc*!yi s txtcm^m f - 

Trs^iSL/r-^--^^ F £-ttS F*-£j5 
-9- - F ^ -rSS , ao'i£*S F - 7zm<Dgmi&& 

Z . m<.m F - 7K*4©*M#> *5> ©3! 5 x 

£, iSST, tclstfZis*) a>#©*3g©J£tfc<3i$:D, 
KVUBMUHfte r f c*M^teSC. 
C = C S (1-erfc (x - (Dt) /2) 
*>6^&SXg££WTr£C££^£Ur1iJ5£0. a 
t>*. JfTEH©t?tJ£W:, K3R*3ftfifn«:#tf 5^ y =» >SS«: 



*£fc»/MSBfcB©*aa s KS' y a >*sfl4>©**» 

it. KsR^fitefatC^tfi/yn^feBltctetri-C. tKIBJI 
^|g*53xl0' cm " 3 «T"C*4C i*««fr 
4te*JI8iffi^ya>teft£bTtlteRL.. SO*, SUA© 

mm*. ttasKfi*«cia«i' y a >«ai»s3^«'5'#rt 

«* ffl «. > fc±f BSH ©«WE * J*»E©«fi8©fi*j(sai 
&f y 3 >ISa<0«Jfi*tt{C*jl,»r . 3 mm«T© 

~> y 3>tt*si3R»Hat>tiiiM{fcot:BEi' y 3 >&© 

tsiSKJ: o ^ tt?cig&t^> y a > * c £ 

5fc«Mifc#*.6*i5. *ilW«:jll»B©»«*#tf^ 

y a n**sR«K*«3&r 4»-©xs 

£. iXt^-C. lifrIBaJ5£Lfc*^?g£©WCl,fc*^-C. 

y a >i§s*ffi^S'J-r S3r~©ig£*str ^ y a > 

*§IS©i!fi£#?£„ c©J:5fc«fi»cb«,>-c. SHoil 
■COzKSjMOHBJeK:. SWBOAi»=©«(R*ffll»-Cfe 

J: 0^J3EStifcaBR**tf«/JvliaXK©«flW«*^ 'J 
a >$S B ^cf©7K^?5S©*ittIi i fc(C* ffl L * 

5Cit(,t^. BUlB^~©Xfi-C. 3X1 

0' cm -' «T©*3R«^«S*Wr*^ , ;a>|Sfi 



